The purpose of this study was to quantitatively evaluate the effects of different shades of light-polymerized resin cement on the color of two different thicknesses (0.5 mm and 0.7 mm) of three different ceramic materials (Esthetic, e.max, and ZirPress). A spectrophotometer (Color Eye 7000A -CIE (L*a*b*) was used to measure the color of specimens on the control substrate without cement, and then on (Translucent, White Opaque, B0.5, A1, and A3 of RelyX™ Veneer cement). The mean values of color difference (∆E) were higher for Esthetic, followed by ZirPress, with the lowest values for e.max. The mean values of ∆E decreased when the thickness of ceramic increased from 0.5 mm to 0.7 mm. It was observed that the White Opaque had significantly increased ∆E values when compared with (TR, B0.5, A1, and A3), whereas no significant difference between B0.5 and TR, and between B0.5 and A3.
INTRODUCTION
Porcelain veneers have become an interesting treatment option for patients seeking better esthetics in the anterior region 1) . Patients prefer these restorations because they require minimally invasive preparation of the tooth structure compared with other treatment options 2) . The biocompatibility and translucency of porcelain materials guarantee not only healthy margins but also superior esthetics 3) . The final color of a ceramic restoration could be influenced by translucency, opalescence, fluorescence, surface texture and shape properties, porcelain brand and batches, the number of porcelain firings, and the condensation technique, and also by the color, translucency, and thickness of the underlying resin luting agent [4] [5] [6] . Besides all these esthetic considerations, the success of a ceramic restoration depends primarily on the durability of the bond between the ceramic and luting agent, as well as that between the luting agent and tooth structure 7) . Resin luting cements, considered as active-type cements, have increasing applications in the cementation of fixed prostheses, since they exhibit enhanced mechanical, physical, and adhesive properties compared with those of other conventional luting agents 8) . Further, they provide adequate stability and increased fracture resistance of overlying ceramic restorations, together with an optimal esthetic result. Presently, resin luting cements are supplied in different shades to enhance final color match and to allow clinicians to select the proper cement shade for ceramic veneers to obtain desirable esthetics. However, the impact of cement shades on the final color of ceramic restorations remains controversial.
Some investigations have verified that resin cements can produce perceptible color differences with particular combinations of background shades, cements, and ceramic restorations 9, 10) . Other studies identified that resin cements presented no significant effects on the final color of IPS Empress all-ceramic material [11] [12] [13] . However, the thickness of restorative materials plays a crucial role in the final color of restorations.
The presence of contemporary ceramic materials and the controversial studies about the effects of different backgrounds and cements on the color of ceramic veneers have led to the question of whether or not the use of different shades of resin cement under different thicknesses of different ceramic veneer materials would cause perceptible color differences (∆E) from standard (without cement).
The purpose of this in vitro study was to quantitatively evaluate the color difference (∆E) from standard (ceramic on substrate without cement), when different shades of light-polymerizing resin luting cement (RelyX™ Veneer, 3M ESPE, Seefeld, Germany) were used under two different thicknesses (0.5 mm and 0.7 mm) of three different ceramic materials (IPS Empress Esthetic Press, IPS Empress e.max Press, IPS Empress ZirPress; Ivoclar Vivadent, Schaan, Liechtenstein). The null hypothesis proposed that:
1. there would be no effect from the use of different shades of resin luting cement on the final color of ceramic veneers, and 2. there would be no effect from the use of different thicknesses of different ceramic materials on the final color of ceramic veneers.
METHODS AND MATERIALS
A pilot study was carried out to investigate the reliability of the test that was used.
Ceramic specimens
Thirty disk-shaped specimens were fabricated from three types of all-ceramic systems (10/each material):
Leucite-reinforced glass-ceramic material (IPS Empress Esthetic), Lithium disilicate glass-ceramic material (IPS e.max Press), and Fluorapatite glass-ceramic material (IPS Empress ZirPress) ( Table 1 ). All the disks were constructed in cylindrical rubber molds that were custom-made to meet the desired diameter (10.0 mm) and different thicknesses (0.5 mm and 0.7 mm). The ceramic disks were fabricated from previously mentioned materials according to the manufacturer's instructions using lost-wax and heat-pressed techniques. Ten disks from each ceramic material were divided into two halves according to thickness (0.5 mm and 0.7 mm).
For IPS Empress Esthetic; a light-translucent (ETC1) ingot was selected to fabricate the disks; ingots were always pre-heated before the pressing procedure and were used hot. A firing cycle at 700°C was performed in a calibrated furnace (EP 600, Ivoclar Vivadent) for the pressing procedure. Later, the disks were cleaned under water steam.
For both IPS e.max Press and IPS Empress ZirPress ceramics; a light-translucent (LT-A2) ingot was selected and used cold, without being pre-heated. A firing cycle at 700°C was performed in a calibrated furnace (EP 600, Ivoclar Vivadent) for the pressing procedure. Later, the disks were immersed in IPS e.max Press Invex liquid (<1% hydrofluoric acid) and cleaned in an ultrasonic cleaner (NEY, Dentsply), then cleaned with airborneparticle abrasion with 100 µm Al2O3 powder at 2-bar pressure (BEGO, ZiroDent). Then a staining technique was used for all the three types of ceramics.
All laboratory procedures were carried out to duplicate the finishing and glazing protocols frequently used for clinical cases. The specimens were finished with 400-grit waterproof silicon carbide abrasive papers under running water until the desired thickness was confirmed with a digital micrometer (Ultra-Cal Mark III, Fowler Tools and Instruments, Sylvac, Swiss made). Subsequently, all specimens were cleaned in an ultrasonic bath (Ultrasound Vita-Sonic II, Vita Zahnfabrik, Germany) for 5 min and dried before spectrophotometric measurements were taken.
Substrate fabrication
Six substrates were fabricated from resin-based composite (Filtek Supreme XT enamel and dentine shade A3, 3M ESPE) ( 
Color testing
Color of the specimens was measured by spectrophotometry (Color Eye 7000A, Gretagmacbeth LLC, New Windsor, NY, USA) with CIE LAB relative to a standard illuminant D65 14) . The spectrophotometer was calibrated with a white calibration tile and black light trap before being used on each study group.
Color measurement readings
A Color Eye 7000A spectrophotometer was used to read the colors of ceramic specimens with CIE LAB (L*a*b*) relative to the standard D65 on different backgrounds as follows:
1. Control background (composite substrate without resin cement) 2. Composite substrate with translucent resin cement (TR) background 3. Composite substrate with white opaque resin cement (WO) background 4. Composite substrate with B0.5 resin cement background 5. Composite substrate with A1 resin cement background 6. Composite substrate with A3 resin cement background Accurate readings were made with the ceramic disk placed on a small-area aperture at different angle movements (0° and 45°), and three readings were taken for each ceramic specimen at different angles; the average of three readings was taken. In this scheme, color was measured in three coordinate dimensions of L*(lightness), a*green-red (−a*=green; +a*=red), and b*blue-yellow (−b*=blue; +b*=yellow). The following equation was used: 15) .
Statistical analysis
The data were analyzed with SPSS statistical software (v16, SPSS Inc., Chicago, IL, USA). Differences of ∆E values for the specimens of three materials with the two thicknesses (0.5 mm and 0.7 mm) and five shades of resin cement were calculated by 3-way ANOVA. Tukey's HSD multiple-comparisons tests of ∆E values among the three ceramics, five different shades of resin luting cement, and different ceramic thicknesses were calculated, with the probability for statistical significance set at =0.05.
RESULTS
The means of color difference (∆E) along with standard deviations (SD) when two different thicknesses (0.5 mm and 0.7 mm) of three ceramic materials (IPS Empress Esthetic Press, IPS Empress e.max Press, and IPS Empress ZirPress) were evaluated on different shades of resin luting cement (RelyX TM Veneer -TR, WO, B0.5, A1, and A3) are presented in Table 2 and Fig. 1 . Different statistical analyses (3-way ANOVA, and Tukey's HSD multiple-comparisons test) are summarized in Tables 3  and 4 , respectively.
Three-way ANOVA showed that there was a significant effect of ceramic material, thickness, shade, and their interaction on the final color (p<0.0001), hence rejecting the null hypothesis, which stated that there would be no significant effects of different shades of resin luting cement and different thicknesses of ceramic materials on the final color of ceramic veneers (Table 3) .
Tukey's HSD multiple-comparisons test at =0.05 showed that the mean values of ∆E for IPS Empress Esthetic Press, IPS Empress e.max Press, and IPS Empress ZirPress were significantly different (p=0.0001) (Table 4) . These values were higher for IPS Empress Esthetic Press compared with the other two ceramic materials, followed IPS Empress ZirPress, with the lowest values for IPS Empress e.max Press.
The mean values of ∆E for different ceramic materials used in this study were decreased when the thickness of ceramic increased from 0.5 mm to 0.7 mm, and the differences were significant (p=0.0001) ( Table 4) .
It was observed that the White Opaque shade (WO) had significantly increased ∆E values when compared with the other shades (TR, B0.5, A1, and A3) (p=0.0001), followed by shade A1, which showed a significant difference when compared with the other shades (TR, B0.5, and A3) (p=0.0001), whereas no significant difference was found between shades B0.5 and TR (p=0.306), and between shades B0.5 and A3 (p=0.901) ( Table 4) .
DISCUSSION
Color differences can be evaluated visually or by color measurement devices. Most color measurement devices utilized in dentistry use the ∆E from the Commission International d'Eclairage CIE (L*a*b*) color system to determine color differences or changes. In this scheme, color is measured in three coordinate dimensions of L*, which represents lightness (from white to black; similar to value), a*, which corresponds to the green-red axis (negative value indicates green; positive value indicates red), and b*, which corresponds to the blue-yellow axis (negative value indicates blue; positive value indicates yellow).
The total color difference is described by ∆E=[(∆L*) 2 +(∆a*) 2 +(∆b*) 2 ] ½ 16) . Several studies have shown that color differences greater than one unit (∆E>1) can be visually perceived by 50% of human observers [17] [18] [19] , and the general population can distinguish color differences of value ∆E>3.3, which can be considered clinically significant 15, 20, 21) . This in vitro study was conducted to measure the ∆E values of different thicknesses of different ceramic materials over different shades of resin luting cement. The results showed that ∆E values of ceramic systems were affected by multiple factors, including ceramic materials, thicknesses, and cement shades, which significantly affect the final color of a ceramic restoration. Therefore, the hypothesis -that there was no significant difference in ceramics color achieved with different This can be explained by the fact that IPS e.max Press is approximately 70% lithium disilicate glassceramic, with its main component being SiO2. In the lithium disilicate glass ceramics, the main crystalline phase consists of elongated lithium disilicate (Li2Si2O5) crystals, building a scaffold of many small interlocking needle-like crystals that are randomly oriented and with a length ranging from 3 to 6 µm. The second crystalline phase consists of a lower volume of lithium orthophosphate (Li3PO4). This structure can provide translucent material that might be helpful for the polymerization process of resin cement 22) . According to the manufacturer, additional components of Li2O, K2O, MgO, ZnO2, Al2O3, P2O5, and other oxides are also present within its composition and combined in a glass melt. This new technology avoids the formation of defects in the bulk of the ingot 23) . Moreover, IPS Press systems have been classified as semi-translucent systems with superior light transmission 24) . Also, the color and translucency of ceramics are influenced by the refractive index difference between the particle and coping matrix and the pigments in the material, and these factors influence the diffusion and scattering of light as well 25) . The wavelength of visible light is from 0.4 to 0.7 µm, and ceramic materials can contain particles that are larger or smaller than this wavelength 26) . Refraction and reflection occur infinitely on the surfaces of particles that are larger than the wavelength of light, causing the light to diffuse. A similar phenomenon occurs as a result of the porosity of ceramic materials. The greater the refractive index difference between particle size and ceramic matrix, the greater the refraction and reflection of light, which leads to an opaque effect in ceramic materials 27) , and this is illustrated by the fact that IPS Empress e.max Press showed the lowest values and least effect of resin luting cement shades.
During cementation, the high translucency of IPS Empress e.max Press ceramic veneers is important, because they provide effective curing of underlying resin-based cements. The curing light can pass through more translucent materials more readily than through more opaque ceramics. Therefore, a greater degree of conversion will lead to more stable color after polymerization 28) , and the use of the lost-wax technique in the fabrication process improved marginal accuracy and provided increased options of shading, with a layering technique during the fabrication of ceramic veneers which facilitated more shade selection and better esthetic results 29) . In contrast, the presence of leucite content in IPS Empress Esthetic Press is critical, due to the higher incidence of crack deflection and thermal contraction mismatch compared with glassy matrix, influencing the mechanical and physical properties of the ceramics 30) . Moreover, IPS Empress Esthetic Press has a lower crystal content within the matrix, and the relative amount of light transmission from the surface is higher 20) . Recently, IPS Empress ZirPress fluorapatite glassceramics have been introduced, since fluorapatite crystals present increased chemical durability compared with that of natural teeth (hydroxyapatite), and closely resemble the crystals in natural teeth, optimizing the optical properties of the material better than IPS Empress Esthetic Press 31) . The aim of the use of IPS Empress ceramic veneers of different thicknesses (0.5 mm and 0.7 mm) was to reflect the wide range of the restorations that are placed in the field of restorative dentistry. These materials are widely used for veneer restorations because of their highly esthetic and translucent qualities 32) . In this study, the specimens had two different thicknesses (0.5 mm and 0.7 mm). It can be observed from the results that the use of the 0.7-mm thickness of ceramic specimens decreased the ∆E values when compared with the 0.5-mm thickness, which could be due to the translucency, since the thicker the porcelain, the less the translucency 33) . The thickness of cement was controlled at 0.1 mm in the study, because different thicknesses of cement might influence the final color of the veneer restoration, and this thickness was suitable for internal fit of the veneer restoration, as recommended by some studies for analyzing the stress distribution of the interface between ceramic and resin cement 34, 35) . In the investigation by Chang et al., 0.1-mm-thick cement was also used to evaluate the optical properties of composite luting cement 10) . The purpose of using different shades of resin cement is to achieve clinically acceptable restorations with good color-matching to the adjacent teeth. In the production of the veneer, the porcelain shade is matched to the shade of the adjacent teeth. However, this matched restoration forms a complex with the veneering ceramic thickness; this can then have an influence on the final color of the restoration. The results of this study indicated that the effects of cement shades on the final color of veneers were affected by different thicknesses of ceramic veneers. The mean ∆E values for 0.5-mm-thick ceramic specimens were significantly greater than those for 0.7-mm-thick ceramic specimens, especially those fabricated from IPS Empress Esthetic Press and IPS Empress ZirPress materials. This might be due to the translucency parameters of the specimens, which are significantly increased with the reduction of thickness. Greater translucency or less opacity allowed for more light transmission within specimens, and led to an obvious impact of cement shade on the final color 10) . To analyze the differences of cement shades, we fabricated resin backgrounds with a 0.1-mm-thick cement layer. The results of this study indicated that the use of different shades of resin cement affected the ∆E values of ceramic specimens, but the most significant effective shades were White Opaque, followed by light yellow (A1). Three shades of resin cement (RelyX™ Veneer) made the ceramic specimens darker than the control group, and this was due to a decrease in (L) value; these shades were A1>TR>B0.5. The other two shades of resin cement made the ceramic specimens lighter than the control group, and this was due to an increase in (L) value; these shades were WO>A3.
The White Opaque shade (WO) of resin cement created perceptible color differences (∆E>3.3) of both thicknesses (0.5 mm and 0.7 mm) of IPS Empress Esthetic Press and the 0.5-mm thickness of IPS Empress ZirPress, and this finding was consistent with the results of the study by Xing and co-workers 36) ; whilst the ∆E<3.3 for both thicknesses (0.5 mm and 0.7 mm) of IPS Empress e.max Press and the 0.7-mm thickness of IPS Empress ZirPress specimens, a finding likely due to the low translucency of e.max compared with that of the other two ceramics and the reduction of translucency of ZirPress by an increase in the thickness of this ceramic from 0.5 mm to 0.7 mm.
Differences in color between different shades of resin cements might be due to different amounts of opacity 'ingredients' in the cement 37) . The inorganic fillers within the material represent a phase with a different refractive index from the bulk of the material, with subsequent scattering of light and different degrees of translucency 38) . Moreover, degree of chroma influences the translucency level, which, in turn, influences the final color as well: Low chroma shades were more translucent 39) . However, some of these shades (TR and B0.5) might not be sufficiently different in chroma, resulting in insignificant differences.
Finally, further studies are needed to evaluate the effects of using more thicknesses (1.0 mm and 1.5 mm) and more opaque ceramic materials. Furthermore, shades of ceramic veneers other than A2, background shades other than A3, and different brands of light-and dual-cure luting cements used in the clinic may also be used for accurate imitation of the clinical situation. The L*a*b* values and their contributions to the ∆E of ceramic systems need further study for a better understanding of the behavior of different ceramic systems used for veneer restorations. In contrast, try-in pastes of the resin luting cements should be used according to the manufacturer's instructions, so that dentists may more accurately evaluate the final color of a restoration before cementation, and thus improve their ability to create a beautiful smile.
CONCLUSIONS
Within the limitations of this in vitro study, the following conclusions were drawn:
1. The types of ceramic materials affect the mean of ∆E values, with higher values for leucitereinforced glass-ceramic (IPS Empress Esthetic) followed by fluorapatite glass-ceramic (IPS Empress ZirPress). made the ceramic specimens darker than the control group, while the other two shades (WO and A3) made the ceramic specimens lighter than the control group.
